IPQQQfrQ361Q7Wp://www.geU^ Page 1 of 5 



©a^s^ff/rCjp) ® & & & m £ ffl 
tem&Wf&m (a) ^F4- 36107 



A 01 C 11/02 3 0 1 B 7704-2B 

3 0 3 D 7704- 2B 

^ ¥2-141831 

m ¥2(1990)5^318 

®& m m m & # iti!i:«jiimg§2TS9#37^ v^h^gs**^ 

8ft i A #a± tt e 65 5*2£ 



ill 

i . % m <d « » 

x - > C Ji £ «fc <D B S £ * ^ P«9 fg K E *J L . c n 
3 . g91<D8tt'iK« 

So 

SE*oHSai:fci>Ttt> P* X W ic 0 -r * R 



S£g*£«^£>tfllcES:LTJdt*>. ft « # tt ffi 
C <D $ £ . ft Ji «- ii H E # K - £ # K T # c ® 

* z tz#>. -e©ft3EtiS^^fiarnT**o. l if L 



43 



lPQQff4036107 v ^ 



_Page 2 of_5 



(ttffi) 

«I *< @ L . ±geft3S*x->±©ffiS&*<r.S* 



»■¥ 4-36107 (2) 
CD^r^^^fo C <D # ffi « li > £ £ <D ifl « 4 1. 
41ftffQltM 4 2, 4 2 i:i:Da27^i/:^ 
62 & f£ 4 2 . 4 2<OisIlclcJ:*?fl?ii-riof^5g# 

©i^tiSS^- -f o -fc ? h ti^ ii&ff 1 

BK # ft « I* 4 K . 9 0fi^ra^^S^lSlO«|5 
a A< 4 © £r o U ^/<«I5*^ H ^ 3 <B e > . 
2C»5 a*i$^t5J:^^W»^ * * K I* 4 
ir8m6*IKtt#fto Hi&ffBftlATK:. & « 6 
CDl/4<&«g#*W-*"ft#$8*IKtt#> d <0 *8 

$8ii$6^^^u Nixmwimm k ****** 

£ SB 1 2 aii^tio «*ffffiifrf47K*5> 
n-i»13tllU ^©^«i«iiffl2^ 

ij > * i 4 K*hmmt z. « a w i 2 © $t as c 



*P S 1 3*Tft3i::@SgL. » ffi IF 1 3 © $fe £ 

icttHw-r*ffffi/ni 4 « a it « • mmtf i 3 © 
s a c c * , ifffimi4^raw*f79a3i^:ifffim 

1 5. f- x - > 1 6 > XZf a T ? F 17, 

1 8. 1 9 * S: »t ft «, $111 9 *cm#<Biifr2> 

fS)lc/&o^x~>eifitt2 0*@^L. C © tt 2 

0 I- * 7 o 4r * h2 1 * @ £ ft 0 t frxzf u T 
v h22*2 1 <& # z ? a * * h 2 3 * 2 

1 © T £ c » . f-©@ffiicffi»2lffl^dg^x- 
>244«@t4. fcffi3SST©»gBKt>. x * 
a V v h 2 1 . 22&tf23iPltti:x^o^7 

htEu ^n^ic^x->2 4iPi«ics»ai 

# * ft o §5^2 50iilcliiS4*7 hti 
^O^**^:oa5*^^2 6«r29:^fto 2 8 tt ffi * 
/< - T . i5^250lSA<giT'inT)^<I 



L36>LTx>^>ROm^lfi 1 £ 0 "f ft <h . 

K©rtfi5^IS:^A:Iim3*<S^lt^^clnll£-rfto 
®$3Of>2lH^<fi$5<0i5 a IC # & L 
* & . **><8m5£B*it;£fl|c9 0& [s]fE£tf 
ft, **><&i|L5©@ftea<#m6*#LT&m8 

m ic i m e -r ft o 

ffi&*fB»«!7A<lHjfc-fft<!:. ? 7 > 7 7 - A 
1 3 <t 'J 1 4*£Tifr;*ja<fiS&H : l 2 ic fc it 
L . m&ft 1 2 li * © £ SB 1 2 a t^^li^XW 

ic # & ii «j -r ft o 

•fc L t Id] lw s *1 u>r y h 1 5tMtf x 
->1 6, *i*1.8Htf 1 9««BliL, Ztliz 

*<x^ny^h21, 22. 23©Effl*R3*tt 
«f Utr ^ ft „ 

5S5^2 5i<^jhLTU5figi:s ffi S * 1 * 7 
ogg^2 501*^^2 Bicftto ffi S * £ t8 



lP0Qfo0361O?thttp://w\^ 



Page 3 of _5 



LfciSa 2 5iiteffi§£ST<DT8&©f&ffi&Eic 

n & & * n . *£ffi&ffii;nsuTifffimi 4*<ffis 
JKr ^ i£ m LTIt?« 

^^P^^^KBfttiOt, ffc*#*<ffi££lcffi 

* * * h L <f> * < s fiS£lCffi*#Jg**C£j&<-t: 
£ So 

4 . 0 ® © ffi m * Si Hfl 

£ <* ¥ ® 0 . «3Bl^«>i«lliBB« 3& 4 B li 



4-36107(3) 

i •» i > v > r © £ ^ . 3 - m m s 5 * * 

'< ft * . 6 . 8 - ffi $ % 7 — II i£ fF E Ifr «u 13, 
17. 2 1. 22. 2 3 16. 
2 4 »*x->, 18. 19-*»$, 2 5- S 
2 2 7 -ft* K». fflfcjf© 

t - & ffi & m 



# tfs fiS A 
ft® A 



# # fiff ( f i * 3 £ ) 




-45- 




3b 3 E 

T 




42. 



-46- 



IPO Q04036 1 0T fhttp ://www.qetlhepal ill I |in ill^Piilml 11i , rrlr: h/JP0004036107.cpc?ffomCac l)r ip i^^inl II n lull in| Page 5 of 5 

»BB¥ 4-36107 (6) 



8 4 0 




-47- 



m 



Date; September 7, 2005 



Declaration 



I, Michihiko Matsuba, President of Fukuyama Sangyo Honyaku Center, Ltd., of 16- 
3, 2~chome, Nogamhcho, Fukuyama, Japan, do solemnly and sincerely declare that 
I understand well both the Japanese and English languages and that the attached 
document in English is a full and faithful translation of the copy of Japanese 
Unexamined Patent No. Heh4-36 107 laid open on June 15, 1992. 




Michihiko Matsuba 



Fukuyama Sangyo Honyaku Center, Ltd. 



CRYSTALLIZED GLASS AND METHOD FOR PRODUCTION THEREOF 

Japanese Unexamined Patent No. Hei-4-36107 

Laid-open on: June 15, 1992 

Application No. Sho-60-45123 

Filed on: March 6, 1985 

Inventor: Takehiro SHIBUYA, et al. 

Applicant: Nippon Electric Glass Co., Ltd. 

SPECIFICATION 

TITLE OF THE INVENTION 

Crystallized glass and method for production thereof 
WHAT IS CLAIMED IS; 

1 . Crystallized glass having a composition wherein at least 
90% or more is composed of 48.2 to 53.0% Si0 2/ 35.9 to 44.0% 
CaO and 3.5 to 7.5% MgO and 10% or less of impurities by weight 
percentage and containing no P 2 0 5/ characterized by having a 
structure wherein many dense wollastonite (CaO-Si0 2 ) crystals 
and diopside (CaO-MgO-2Si0 2 ) crystals are dispersed in the 
glass . 

2. The crystallized glass according to Claim 1 wherein 10% by 
weight or less, of one or two or more of any of A1 2 0 3/ B 2 0 5/ Na 2 0, 
K 2 0, Li 2 0, BaO, SrO, ZnO, TiO a/ Zr0 2/ Nb 2 O s/ Ta 2 0 5 and CaF 2 is 



# 



contained as the impurities. 

3. A method for producing crystallized glass having a 
composition wherein at least 90% or more is composed of 48.2 
to 53.0% Si0 2/ 35.9 to 44.0% CaO and 3.5 to 7.5% MgO and 10% 
or less of impurities by weight percentage and containing no 
P 2 0 5/ characterized in that glass powder with a particle size 
of 200 mesh or less is molded, subsequently heated at a 
temperature range of glass powder burning and then heated at 
a temperature range of crystal precipitation. 
DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to crystallized glass whose 
various intended uses are anticipated as artificial bones, 
dental materials such as artificial tooth crowns and artificial 
tooth roots or industrial materials, and a method for 
production thereof. 

Conventionally, as the artificial bone and the dental 
material, metallic materials such as silver and tantalum, alloy 
materials such as cobalt and chromium alloy, titanium alloy 
and stainless steel, and polymer materials such as polymethyl 
methacrylate and high strength polyethylene have been used. 
However, the metallic and alloy materials are excellent in 
strength but are poor in affinity with living tissues. When 
used in the human body for a long time, it has been likely that 
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metallic ions are eluted and damage the living tissue. 
Alternatively, the polymer material is stable in vivo, but has 
low strength, and is not chemically bound to the bone. Thus, 
the polymer material can be used for only limited portions, 
and additionally an unreacted monomer left upon production has 
been likely to elute to damage the living tissue. On the 
contrary, ceramic materials such as alumina ceramic are 
excellent in strength as well as in bioaf f inity, and components 
eluted therefrom are unlikely to adversely affect the human 
body. Thus, they have attracted much attention as artificial 
bones and dental materials. However, since alumina ceramic is 
not chemically bound to the bone, when a shape of ceramic holes 
in which newly formed bone is penetrated is inadequate, stress 
is concentrated at a part of the bone or the ceramic and it 
has been likely that the bone is absorbed or the ceramic is 
destroyed. Thus, Na 2 0-CaO-Si0 2 -P 2 0 5 based crystallized glass 
and apatite sintered bodies have been designed as the ceramic 
material which is chemically bound to the bone, but these have 
a drawback that the mechanical strength is low or the production 
is not easy. . 

Also conventionally, the crystallized glass has been used 
as precision parts and insulation materials in the materials 
field for industry. Generally, the crystallized glass used for 
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industrial materials is characterized in that the glass is 
uniformly melted, subsequently molded into a desired shape by 
a glass molding method such as press, blowing, casting or roll 
substrate and then heated at a temperature range at which 
crystallization is carried forward to make a structure in which 
crystals are dispersed in glass matrix. However, the 
conventional crystallized glass shrinks in this 
crystallization step. Thus, a dimension accuracy is poor, and 
chipping and cracking occur when cutting and polishing are 
performed after the crystallization to widely reduce the 
strength. Therefore, the conventional crystallized glass has 
been difficult to apply to precision parts and parts requiring 
post-processing . 

The present invention has been made to solve the above 
drawbacks, and provides crystallized glass having various 
excellent properties as artificial bones, dental materials and 
industrial materials, and a method for easily producing the 
same . 

The crystallized glass of the present invention has a 
composition wherein at least 90% or more is composed of 48.2 
to 53.0% Si0 2 , 35.9 to 44.0% CaO and 3.5 to 7.5% MgO and 10% 
or less of impurities by weight percentage and contains no P 2 0 5 , 
and is characterized by having a structure wherein many dense 
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wollastonite (CaOSi0 2 ) crystals and diopside (CaOMgO2Si0 2 ) 
crystals are dispersed in the glass. 

The method for producing the crystallized glass of the 
present invention is characterized in that glass powder of the 
above composition with a particle size of 200 mesh or less is 
molded, subsequently a dense premolded body previously molded 
into a desired shape is made, then heated at a temperature range 
of glass powder sintering, and further heated at a temperature 
range of crystal precipitation. 

A crystallized glass product produced in this way has a dense 
structure with no gap, and additionally the crystals are formed 
and grown in each powder particle and simultaneously grown from 
a powder particle surface toward an inside. Therefore, the 
product has a crystal structure in which the crystals are 
complicatedly intertwined. As a result, the product has high 
strength, no chipping and cracking occur when processing such 
as cutting, polishing and cutoff is given, can provide the 
crystallized glass with good mechanical workability without 
reducing the strength, and is easily applied to the artificial 
bone with a complicated shape. 

Differently from the P 2 0 3 -CaO based glass and the apatite 
sintered body proposed conventionally, the present 
crystallized glass is characterized by adhesively integrating. 
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with a bone or tooth in vivo by precipitating the wollastonite 
crystal as one type of precipitated crystals even though no 
P 2 0 5 is contained in the component. 

That is, the wollastonite crystal is bound to and integrated 
with the bone or tooth by thoroughly dissolving in a body fluid, 
i.e., saline, forming a layer with high concentration of Ca 2+ 
ions closely to a material surface, and binding the ions to 
HP0 4 2 " and P0 4 3 ~ in the body fluid to form an apatite crystal 
layer on the material surface. 

The dense crystals in the crystallized glass of the present 
invention are composed of acicular crystals of the wollastonite 
crystal and the diopside crystal. Both are complicatedly 
intertwined to enhance the mechanical strength of the 
crystallized glass. Therefore, a crystallized glass is 
obtained whose mechanical strength is higher due to interaction 
of both crystals, chipping and cracking do not occur in a 
cutting or polishing step, and mechanical workability is 
favorable . 

Due to the following reasons, the composition range of the 
crystallized glass of the invention is limited to the above. 

When Si0 2 is less than 48.2%, devitrification is high, 
dissolution and molding of the glass become difficult, and at 
the same time, the wollastonite crystal and the diopside 



-6- 



• m 



crystal are precipitated in only a small amount. When Si0 2 is 
more than 53.0% or more than 60%, the viscosity of a melted 
solution becomes high and the dissolution of the glass becomes 
difficult . 

When CaO is less than 35.9%, the wollastonite crystal and 
the diopside crystal in the glass are precipitated in only a 
small amount. When CaO is more than 44%, the devitrification 
becomes high, and vitrification of the melted solution becomes 
difficult . 

When MgO is less than 3.5%, the viscosity of the melted glass 
becomes high, uniform melting becomes difficult and the 
diopside crystal is not precipitated. When MgO is more than 
7.5%, the devitrification becomes high, and vitrification of 
the melted solution becomes difficult. 

Additionally, it is possible to contain one or two or more 
of any of A1 2 0 3 , B 2 0 3 , Na 2 0, K 2 0, Li 2 0, BaO, SrO, ZnO, Ti0 2 , Zr0 2 , 
Nb 2 0 3 , Ta 2 0 5 and CaF 2 at 10% by weight or less as the impurities 
in addition to the above composition. But, when a total of these 
additive components is more than 10% by weight or when the other 
component such as P 2 0 5 is contained, such a case is not 
preferable because an amount and a type of the precipitated 
crystal is changed, and the mechanical strength and the 
mechanical workability are reduced. 
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The method for producing the crystallized glass of the 
present invention is characterized in that the uniformly melted 
glass is made into powder with 200 mesh or less using a 
pulverizer such as a ball mill, it is press-molded into a 
predetermined shape, subsequently heated at a temperature 
range of glass powder sintering, and then heated at a 
temperature range of crystal precipitation. The former heating 
treatment is important for obtaining the crystallized glass 
with small porosity and large mechanical strength, and the 
latter heating treatment is important for precipitating 
numerous dense crystals, i.e., wollastonite crystals and the 
diopside crystals from the glass. 

Making the glass into powder with a particle size of 200 
mesh or less is an important condition for obtaining the 
crystallized glass with less pores, where the wollastonite 
crystals and the diopside crystals have been uniformly 
precipitated in a finely particulate form. When the melted 
solution is directly molded into the glass with a predetermined 
shape, which is then treated with heat, the wollastonite 
crystal is precipitated only from the glass surface, and thus 
only the crystallized glass with low mechanical strength having 
internal cracks is obtained. 

The temperature range of the glass powder sintering is the 
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temperature range from a heat shrinkage starting temperature 
to a heat shrinkage terminating temperature, and is obtained 
by heating the glass powder molded body at a constant rate and 
measuring the heat shrinkage through that period. 

The temperature range of the crystal precipitation is the 
temperature range from an exothermic heat starting temperature 
due to the crystal precipitation to an exothermic heat 
terminating temperature, and is obtained by heating the glass 
powder at a constant rate and performing a differential thermal 
analysis through that period. 

An Example of the glasses of the present invention in the 
following Table 1 is shown. 



Table 1- Example 



— ^^Sample No. 
C orapos i t ion 


1 


2 


3 


4 


5 


6 


7 


8 


Si0 2 


52.5 


53.0 


50.5 


48.6 


48.2 


50.0 


51.0 


50.5 


MgO 


3.5 


7.5 


7.1 


6.9 


6.8 


7.0 


7.2 


7.1 


CaO 


44 .0 


39.5 


37.6 


36.2 


35.9 


37.3 


38.0 


376 


B 2 0 3 






4.8 




4.5 




1.9 




A1 2 0 3 








4.6 


2.8 








Na.O 








2.8 


0.9 


1 .9 






K 2 0 








0.9 


0.9 








BaO 
















2.9 


ZnO 












1 . 9 






TiO. 














1.9 




Ta 2 O s 












1.9 






CaF : 
















1.9 
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Flexural strength 
kg/cm 2 


2000 


1900 


1800 


2000 


1800 


1900 


2000 


2000 



The glass samples in the Example in the above Table 1 were 
prepared as follows. 

A batch formulated to make the glass composition in the 
Example is prepared using raw materials of oxide, carbonate, 
hydrate or fluoride, placed into a platinum crucible, and 
melted in an electric furnace at 1400 to 1500°C for 4 hours. 
Then, the melted solution is run through water-cooled rollers 
to make into ribbon-shaped glass, and pulverized into powder 
with a particle size of 200 mesh or less. The powder is molded 
into a predetermined shape by isostatic pressing, subsequently 
heated in the electric furnace at room temperature to 1050°C 
at a rate of 30 to 60°C/hr, sintered and crystallized by 
retaining at 1050°C for 2 to 10 hours, and cooled to room 
temperature at 30 to 120°C/hr. 

The crystallized glass produced by such a method has the 
dense structure in which numerous wollastonite crystals and 
the diopside crystals have been precipitated in the glass 
medium. 

Table 2 - Comparative Example 




Sample 



No. 2 



P 2 O s -CaO based 
crystallized glass 
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m m 



(% by weight) 






SiO. 


53 


34 


MgO 


7.5 


5 


CaO 


39.5 


45 


P 2 0 3 




16 


Flexural strength (kg/cm 2 ) 


1900 


1800 


Precipitated crystal (%) 






Apatite 




35 


Wollastonite 


60 


40 


Diopside 


40 


25 


Adherent strength to bone (kg) 


8 


8 



In Table 2, the sample No. 2 in Table 1 was compared with 
the conventional P 2 0 5 -CaO based crystallized glass, and the 
flexural strength, types of the precipitated crystals and the 
adherent strength to bone were shown. The adherent strength 
was obtained by inserting a platy glass molded onto a size of 
10 x 15 x 2 cm into a defective portion of a femur in a rabbit 
and removing and measuring the glass together with the bone 
after 10 days. 

Comparing with the conventional P 2 0 5 -CaO based crystallized 
glass which precipitated apatite, it has been shown that the 
crystallized glass of No. 2 whose flexural strength is 100 
kg/cm 2 higher is excellent in bioaffinity without adversely 
affecting surrounding tissues after 10 weeks, and firmly 
adheres to bone at the same level as the conventional ones. 

As in the above, the crystallized glass of the present 
invention is excellent in mechanical strength and mechanical 
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workability as well as firmly adheres to bone, and in particular 
is useful as artificial bone materials with complicated shapes . 
The same effects can be anticipated when used as dental 
materials such as tooth roots and tooth crowns. 

Furthermore, the crystallized glass of the present 
invention also has an excellent electric insulating property 
and dielectric property as industrial materials, and thus is 
useful for a field which requires such properties. 
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